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Abstract: NADPH–d reaction was performed
on nine male Sprague–Dawley rats and
morphometry of NADPH–d(+) cells was
investigated in caudate–putamen, globus
pallidus and ventral pallidum. In
caudate–putamen we observed intensely
stained NADPH–d (+) cells. Maximum
diameter and minimum diameters of the
NADPH–d (+) cells in caudate–putamen was
measured as 19.19±0.04 µm and
10.42±0.12 µm, consequently. In globus
pallidus, moderately stained NADPH–d (+)
cells were observed. We measured the
maximum and minimum diameters of the
NADPH–d (+) cells as 19.93±0.24 µm and
10.42±0.12 µm, consequently. In ventral
pallidum, medium–sized, moderately stained

cells were present. Maximum and minimum
diameters of the NADPH–d (+) cells in
ventral pallidum was 19.19±0.04 µm and
12.40±0.2 µm, consequently. NADPH–d (+)
cells in caudate–putamen, globus pallidus and
ventral pallidum were mostly multipolar in
shape. Basal ganglia have recently been
suggested to have a role in nociceptive
processing. Based on the role of nitric oxide
in nociception and NADPH–d which is a form
of nitric oxide synthase, the positive reaction
in these nuclei is proposed to have a role in
nociception in basal ganglia.
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Introduction

The basal ganglia are associated with motor functions
of the brain, although it is becoming clear that they may
subserve many non–motor functions as well. Recent
neurophysiological, clinical and behavioral experiments
indicate that nucleus accumbens (Acb) also processes
non–noxious somatosensory information. Basal ganglia
are rich in many different neuroactive chemicals that may
be involved in the modulation of pain processing also (1).

Caudate–putamen and pallidum are structures of
basal ganglia localized deep in the cerebral hemispheres.
Nitric oxide (NO) is a small gaseous molecule easily able to
pass through neuronal membranes with a very short
half–life. It is suggested to act as a retrograde transmitter
and also as a classical neurotransmitter. It can also act in
the neuron where it is produced. NO has been found to
have a role in nociceptive transmission (2). It has later
been shown that NO plays an important role in mediation
of nociceptive processes such as thermal hyperalgesia (3).

Aanosen (4, 5), Raigordsky and Urca, Dickenson and
Aydar, Woolf and Thompson, Kitto et al. and Meller et al.
also reported that NMDA receptor is responsible in
nociceptive transmission (2, 4–10). NADPH–d activity has
been shown in various regions of the central nervous
system (11, 12, 13, 15). Although the function of NO in
human brain has not yet clearly been defined, it is
accepted to play a role in synaptic transmission in both
central and periferic nervous systems (2, 12, 14).

The enzyme that produces NO (nitric oxide synthase,
NOS) has been first described by Bredt et al. (16). NOS
requires NADPH as a cofactor, so it has been suggested
and shown by Hope et al. that neuronal
NADPH–diaphorase is a form of NOS (17). Bredt et al.
later showed that the localization of nitric oxide synthase
is absolutely coincident with NADPH–d staining in the rat
and primate brain (18).

In this study, we aimed to present the distribution and
morphometry of NADPH–d (+) neurons to reveal the NO



Nadph–Diaphorase–Reactive Neurons in Rat Basal Ganglia

activity in rat basal ganglia, suggesting a possible role of
basal ganglia in nociception via the neurotransmitter NO.

Materials and methods

The experiments were performed on nine male
Sprague–Dawley rats weighing about 250–300 g. The
NADPH–d histochemical reaction was assayed on the
forebrain, and spinal cord sections taken from six
experimental cases. The staining procedure was modified
from the method of Vincent and Kimura (12). Rats were
deeply anaesthetised with Nembutal (60 mg/kg, i.p.),
intracardially perfused with 10 ml of heparinized saline
(25.000 U/l) followed with 500 ml fixative (4–5%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.3).
After perfusion, the brains were transferred to PB and
one day later were blocked and sectioned with vibratome
at 50 µm. Coronal sections were collected in PB, rinsed
1–2 hs, and incubated in 0.1 MPB (pH 7.3) containing
0.3% Triton X–100, 0.5 mg/ml nitroblue tetrazolium
(Sigma, USA) and 1.0 mg/ml NADPH tetrasodium salt
(Sigma, USA) at 37 for 30–60 min. Following the
incubation period, sections were rinsed in PB, mounted
on gelatine coated slides and left to dry at room
temperature. Mounted sections were then immersed in
100% alcohol, cleared in xylene and coverslipped directly
with Entellan.

Results

Evaluation of the distribution of NADPH–d (+)
neurons and quantitative analysis were performed only in
the cases where histochemical analysis was adequate to
reveal the largest number of NADPH–d (+) neurons in
detail with reduced background precipitation. Our results
for the distribution of NADPH (+) cells are in accordance
with the studies of Vincent and Kimura, Nisbet and
Rodrigo (12, 20, 21).

A large number of medium sized multipolar NADPH–d
(+) neurons were scattered through the whole extent of
caudate–putamen beginning from Bregma +2.2 mm. to
–3.8 mm (Figure 1 A, B). These cells were intensely
stained and they gave rise to a dense fiber network within
the striatal neuropil (Figure 2A, C). The fiber density was
very high throughout caudate–putamen. 250 NADPH–d
(+) cells were observed in each 100 µm–thick section.
54% of these cells were multipolar, 16.5% were
pyramidal, 16.5% fusiform, 7% flattened and 6% were
spheroid in shape. Maximum diameter (D max) of the
NADPH–d (+) cells, in caudate–putamen was 19.19±0.04

µm, ranging from 8.34 to 36.11 µm. Minimum diameter
(Dmin) was 10.42±0.12 µm, ranging from 4.16 to
16.16 µm.

In globus pallidus, medium–sized, moderately stained,
multipolar cells NADPH–d (+) cells were present
beginning from Br –0.3 mm. to Br –2.8 mm (Figure 1B).
Maximum diameter (D max) of the NADPH–d (+) cells in
globus pallidus was 19.93±0.24 µm, ranging from 13.89
to 38.89 µm. Minimum diameter (Dmin) was
10.42±0.12 µm, ranging from 8.33 to 15.37 µm.
50.4% of these cells were multipolar, 6.4% were
pyramidal, 23.2% fusiform, 4.8% flattened and 15.2%
were spheroid in shape.

In ventral pallidum, medium–sized, moderately
stained, multipolar cells were present beginning from Br
+ 0.7 mm. to Br –1.3 mm (Figure 1 A, B). Maximum
diameter (D max) of the NADPH–d (+) cells in ventral
pallidum was 19.19±0.04 µm, ranging from 12.5 to
27.78 µm. Minimum diameter (Dmin) was 12.40±0.2
µm, ranging from 4.16 to 15.37 µm. 55.33% of these
cells were multipolar, 7.36% were pyramidal, 20.96%
fusiform, 6.87% flattened and 9.28% were spheroid in
shape (Figure 2 B, D)

Discussion

NADPH–diaphorase activity has been shown in
different regions of the central nervous system (12, 14).
The reaction was strong in some regions and weaker in
some places. Neurons in the striatum, laterodorsal and
pedunculopontine tegmental nuclei were intensely
stained, while neurons in the dorsal periaqueductal gray
matter were moderately stained (12). Both NADPH–d
and NOS were found in the similar regions of the spinal
cord (10, 12, 14, 22). NADPH–d activity in
caudate–putamen and pallidum in human and cat was
observed similar to the activity in rat brain also (23).

In this study, we observed intensely stained medium
sized NADPH–d (+) neurons in caudate–putamen and
moderately stained, medium sized neurons in ventral
pallidum and globus pallidus. We found the pattern of
distribution and staining properties of NADPH–d (+) cells
in these regions was in accordance with the findings of
Vincent and Kimura and Valtschanoff et al. (12, 13, 14).
We have not observed any literature regarding
morphometric data of the NADPH–d (+) cells in
caudate–putamen, globus pallidus and ventral pallidum,
making it impossible for us to compare the results of our
measurements.
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Basal ganglia are rich in many different neuroactive
chemicals that may be involved in the modulation of
nociceptive transmission. Neuroanatomical experiments
suggest several pathways by which nociceptive
information may reach the basal ganglia. Also, some
patients with basal ganglia disease (Parkinson’s disease,
Huntington’s disease) have alterations in pain sensation in
addition to motor abnormalities (1). These lead us to the
idea that basal ganglia are now responsible in some levels
of pain transmission and modulation.

NO has been found to have a role in nociceptive
transmission first in 1992 by Meller et al. (2). It is known

that NOS requires NADPH as a cofactor, so it has been
suggested that NADPH–diaphorase is a form of NOS.
NADPH–diaphorase activity has been shown in different
regions of the central nervous system and it has been
suggested that this activity reflects the activity of NOS.

Distribution and morphological characteristics of
NADPH–d (+) cells in caudate–putamen, globus pallidus
and ventral pallidum here are in accordance with the
possible role of these cells in nonociceptive processing.
Still revealing the exact function of NADPH–d (+) cells in
rat basal ganglia and their acting mechanism requires
further investigations.
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Figure 1. Distribution of NADPH–d (+)
cells in a 50–µm–thick
section. A. caudate–putamen
and ventral pallidum (Br+0.2);
B. cauadate–putamen, globus
pallidus and ventral pallidum
(Br–0.8).
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Figure 2. Photomicrographs of NADPH–d (+) neurons in A, C: caudate–putamen (Br –0.8) B, D: ventral pallidum (Br –0.2). Scale bars are 140 µm
for A, B and 15 µm for C, D.
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